The objective of this study was to determine the effect of feed restriction and repletion on myofibrillar protein turnover in cattle. Crossbred steer calves (n = 12) about 310 d of age were assigned randomly to a diet of corn and silage that was 1) provided ad libitum for 146 d (ALC) or 2) restricted so steers gained .2 kg/d for 80 d but received ad libitum access to feed thereafter for 66 d (RFC). At 27, 55, 97, 118 and 146 d a 24-h urine sample and a blood sample were obtained. Urine was analyzed for Wmethylhistidine W-MH), creatinine (C), urea nitrogen 0 and total nitrogen (TN).
is the accretion of protein.
Nutritional status has a major impact on the rate of muscle protein turnover. Millward et al. (1975) observed that muscle protein turnover rates decreased when rats were fed a lowprotein diet. However, upon realimentation to an adequate diet, rapid growth occurred concomitant with high rates of both muscle protein synthesis and breakdown. Haverberg et al. (1975) demonstrated that nutritional restrictions that retarded the normal rate of growth were associated with decreased rates of synthesis and degradation.
Measurement of urinary W-methylhistidine (NT-MH) excretion is a nondestructive technique to quantify myofibrillar protein degradation under various physiological conditions. This technique has been validated in cattle (Harris and Milne, 1981; McCarthy et al., 1983) . Gopinath and Kitts (1984) utilized W-MH excretion to measure myofibrillar protein degradation in growing steers. They concluded that rapid growth in steers is accompanied by a high rate of myofibrillar protein degradation. Alterations in the diet that cattle receive due to the availability of feedstuffs can affect the efficiency of production (Byers, 1980) and quality of the product (Aberle et al., 1981) . Both alterations may be due to changes in the rate of muscle protein turnover. The objective of this study was to determine changes in the rate of myofibrillar protein degradation and estimated synthesis in cattle during periods of restricted feeding and subsequent realimentation.
Materials and Methods
Animals and Treatments. Twelve small to medium-framed, MARC III crossbred (114 Angus, 114 Hereford, 114 Pinzgauer and 114 Red Poll) steer calves with an average weight of 179 kg were weaned at approximately 230 d of age and given ad libitum access to a diet for 90 d Throughout the study, the diet was composed on an "as-fed" basis of 36% corn silage, 60% wet corn and 4% supplement (supplement composition: 54% soybean meal, 17.9% corn, 21.7% limestone, 2% dicalcium phosphate, 3% urea, .6% vitamin A, .2% trace minerals, .5% Rumensin containing 132 g monensin/kg and .l% sulfur) with a TDN of 84.16% and 10.93% crude protein.
After the preconditioning period, the study was initiated by randomly assigning the cattle to two treatments: 1) a group fed to gain approximately .23 kg/d for the first 80 d, then given ad libitum access to feed for 66 d (RFC; n = 6) or 2) given ad libitum access to the corn and corn silage diet for 146 d (ALC; n = 6). The cattle weighed approximately 285 kg at the initiation of the study. For the first 80 d, the cattle fed the restricted diet were weighed twice each week to adjust feed intake to obtain the desired rate of gain. After the first 80 d, all cattle were weighed every 2 wk and placed in metabolism crates. Daily gain of the cattle was calculated for the restriction and repletion 4~igma Chemical Co., St 
phases.
Urine and Serum Collection. At 27, 55, 97, 118 and 146 d from the beginning of the study, cattle were weighed, placed in metabolism crates and allowed to adjust to the crates for 24 h. Urine was collected during the subsequent 24 h and weighed. Ten milliliters of 12 N HC1 were added to the urine as a preservative. A 150-ml sample was obtained for each collection period and frozen at -20°C until it was analyzed. A 10-ml blood sample was obtained via venipuncture, allowed to clot and centrifuged at 1,500 x g for 15 min; the serum was frozen at -20°C until it was analyzed.
Urine Analysis. Urine samples were thawed and their specific gravities were determined. Specific gravity was used to convert the weight of the 24-h urine collection to volume in order to determine the urine output for 24 h.
Urinary creatinine (C) concentration was determined using kits4 following a method (Sigma Chemical Company, 1983 ) that was a modification of the procedures of Slot (1965) and Heinegard and Tiderstrom (1973) . Urinary urea nitrogen (UN) was measured using the procedure of Frankel et al. (1970) . Total urinary nitrogen (TN) was quantitated using the Kjeldahl procedure (AOAC, 1985) .
W-methylhistidine concentration in the urine was determined using HPLC. Samples were prepared by diluting 100 p1 of urine with 10 ~1 3 0 % sulfosalicylic acid. The sample was mixed for 5 min and centrifuged at 2,500 x g for 15 min. After centrifugation, 75 p.1 of supernatant fractions were pipetted into a microfuge tube and 5 p.1 of 4% NaOH were added to adjust the pH to approximately 2.1. An equal volume of Pickering Diluent5 containing norleucine (.25 pnoVrnl) was added, gently mixed, and filtered (.2-pm screen) prior to filling HPLC loading vials. Separation and quantitation of W-MH by HPLC was performed using a 3-rnm x 250-mm column containing 10-pm cation exchange column5 with a 2-mm x 20-mm guard column5.
Temperature of the column was maintained at 42°C and injection volume of each sample was set at 5 pl. A three-step gradient was used to elute the amino acids as follows: 100% .24 N lithium citrate buffer, pH 2.75, 70 min; 65% .24 N lithium citrate buffer and 35% .64 N lithium citrate buffer, 65 min; 100% .64 N lithium citrate buffer, pH 7.50, 50 min. The column was regenerated between each sample by elution with the first buffer for 30 min.
Flow rate of the eluent was .3 ml/rnin. Postcolumn derivatization of W-MH with orthophthaldehyde (1, 2-benzene dicarbonal) was performed and the fluorescence was quantified using a spectrofluorometefi with emission set at 338 nm and excitation set at 425 nm.
Serum Analysis. Serum hydroxyproline (HYP) concentration was determined in thawed serum samples using the sample preparation procedures of Bannister and Burns (1970) . Quantitation of HYP was performed using the procedure of Bergrnan and Loxley (1963) . Albumin (A) concentration was measured by a method (Sigma Chemical Company, 1986) using the procedures of Doumas et al. (1971) , Savory et al. (1976) and Corcoran and Duran (1977) .
Calculations and Statistical Analysis. The calculations of the characteristics of muscle protein metabolism were performed according to Gopinath and Kitts (1984) and McCarthy et al. (1983) . The W-MH pool in skeletal muscle was calculated by multiplying the estimated skeletal muscle mass (33% of body weight; Allen et al., 1968; Brannang, 1971 ) by the protein content of skeletal muscle mass (157 mg/g fresh weight; Gopinath and Kitts, 1984) and the W-MH content of skeletal muscle protein (3.5106 pmol W-MHfg muscle protein; Nishizawa et d., 1979) . The fractional breakdown rate (FBR) of muscle proteins was calculated by dividing the daily excretion of W-MH in urine by the amount of W-MH in the skeletal muscle pool and multiplying by 100.
Fractional accretion rate (FAR) was calculated as the rate of skeletal muscle protein gain divided by total skeletal muscle protein pool at the time urine samples were obtained. The calculation was: FAR = (FIpl -MPo]~T)/ (MP3), where MPI is the measure of total muscle protein 14 d after sampling, MF' o is the measure of muscle protein 14 d before sampling, T is 28 d and MP3 is the total muscle protein at sampling time. The numerator of the FAR equation is equal to the absolute rate of muscle protein accretion (MPA).
The fractional synthesis rate (FSR) of the mixed muscle protein pool was calculated as the sum of FBR and FAR. Measurement of N7-MH excretion can be used to determine degradation of myofibrillar proteins, primarily %aters, Milford, MA.
actin (Young and Munro 1978) . However, the differences in turnover rate between myofibrillar, sarcoplasmic and stromal proteins are not major enough to negate the use of N7-MH excretion to mark skeletal muscle protein breakdown (Bates and Millward, 1983) . Thus, W-MH excretion is useful as an estimate of muscle protein turnover. This calculation is a modification of the calculation used by Millward et al. (1975) , who used the FSR and FAR to calculate FBR. Myofibrillar protein degradation (MPD) was calculated by dividing the daily IF-MH excretion by the concentration of W-MH in muscle. The rate of muscle protein synthesis (MPS) was calculated as the sum of MPD and MPA.
Data were analyzed using an analysis of variance with a sequential, split-plot treatment design (Steel and Tome, 1980) . The Least Significant Difference (LSD) method was used to compare treatment means at P < .05. A modified t-statistic was calculated to allow whole and subplot comparisons. Age-related differences were determined by analyzing the data of the ALC by analysis of variance. Linear, quadratic and cubic contrasts were determined at P < .05. Treatment means, standard deviations and analysis of variance were calculated and performed using SAS (1985) .
Results and Dlscusslon
The ALC cattle had higher (P < -05) ADG than RFC during the restricted phase (1.25 vs .61 kgld), but ADG were not different (P > .05) after realimentation (1.35 vs 1.51 kg/d). Cattle with ad libitum access to feed had a higher (P < .05) urinary W-MH excretion during the first two collection periods; however, it was lower (P < .05) for ALC than for RFC at 118 d and not different at 146 d Fable 1). The quantities of W-MH excreted by our steers (Table 1) were in a range similar to that reported by McCarthy et al. (1983) and Gopinath and Kitts (1984) but slightly higher than reported by Nishizawa et al. (1979) and Harris and Milne (1981 Body weights of ALC were higher ( P c .05) than those of restricted-fed cattle at the last four sampling periods (Table 2) . A linear (P c .05) increase in body weight of ALC with age was observed. There was no difference (P > 0.5) between ALC and RFC in body weight to creatinine ratio (Table 2 ). This observation suggests that muscle mass per unit of body weight was not different, regardless of dietary treatment. However, this ratio declined numerically at 146 d in both treatments, possibly reflecting an increase in fat content of the cattle. When expressed as a ratio to body weight or to creatinine, W-MH excretion was higher (P c .05) for RFC than for AFC during the last two collection periods (Table 2) . When expressed in this manner, W-MH should be an indicator of the amount of myofibrillar protein degradation per muscle mass.
Myofibrillar Protein Turnover. Quantification of an animal's muscle mass is necessary 'Each treatment contained six cattle. g a y s from initiation of the study. 'Cattle were offered ad libitum access to a corn and corn silage diet (1.36 kgld, daily gain). '~eshicted cattle were held at .23 kg/d (daily gain) for the first 80 d of the study then offered ad libitum access to a corn and corn silage diet for the remainder of the study.
'Values in a row marked with an asterisk are simcantly different (P < .M).
to estimate FBR, FSR and FAR. Several attempts to accurately determine muscle mass have had limited success. Munro (1969) reported that most mammals have between 40 and 50% muscle in their bodies, regardless of species or sex of the animals. However, in ruminants, particularly cattle, most reports estimate muscle mass to be between 31 and 35% of body weight (Henricksen et al., 1965; Allen et al., 1968; Brannang, 1971; Nishizawa et al., 1979) . In the present study, muscle mass was assumed to be 33% of body weight (Allen et al., 1968). Based on this value, the FBR we observed was similar to data reported by McCarthy et al. (1983) , 2.46 to 3.42%/d, but slightly higher than data reported by Gopinath and Kitts (1984) , 2.07 to 2.84%/d. Results indicate that FBR was higher (P < .05) for RFC than for ALC after realimentation (Table   3) . These results are similar to those of Haverberg et al. (1975) , who observed that rats previously deprived of protein or energy exhibited a marked increase in FBR upon repletion. The RFC had lower (P c .05) FSR at 27 d but higher FSR (P < .05) at 118 and 146 d. These data indicate that feed restriction suppresses FSR whereas repletion increases FSR. Millward et al. (1975) observed that rates of protein synthesis in rats fed a marginally deficient diet were reduced. However, upon realimentation, muscle protein synthesis increased rapidly. Data from our study follow a similar trend.
The RFC had lower (P c .05) MPD and muscle protein synthesis (MPS) at periods of nutrient restriction but higher (P < .05) MPD and MPS at 118 d, during the period (> 80 d) of repletion (Table 4 ). Millward (1980) suggested that the rate of MPD may be elevated during periods of rapid growth or during conditions that cause muscle wasting.
Remodeling of myofibrils, which occurs at various stages of growth, probably is the cause *~estricted cattle were held at .23 k@d (daily gain) for the fnst 80 d of the study then offered ad libitum access to a corn and corn silage diet for the remainder of the study.
'Values in a row marked with an asterisk are signiticaatly different (P < .05). f~u s c l e mass cssumed to be 33% of Live weight. gThe summation of fractional breakdown rate and fractional accretion rate. of increased rates of W D (Goldspmk, 1970; Millward et al., 1975) . Increased MPS and MPD during repletion of the RFC, indicates that protein turnover rates were high in conjunction with increased growth rate. The increased rate of muscle protein turnover during repletion phase suggests that dietary requirements of energy also may be higher.
Serum Analysis. The synthesis of serum albumin accounts for about 10% of total liver protein synthesis (Morgan and Peters, 197 1) . Changes in albumin concentration can be useful as an index of amino acid flux and protein metabolism in the liver. The decrease (P c .05) in serum albumin levels observed in RFC at 55 d could be attributed to a decrease in synthesis of albumin due to a dietary protein deficiency (Table 5) . Several researchers have observed decreased synthesis of albumin and albumin messenger-RNA in response to a deficiency of dietary protein (JeeJeebhoy et al., 1975; Pain et al., 1978) . When RFC were realimented, serum albumin levels were not different (P < .05) from ALC from 97 d through 146 d. Free-HYP in serum was higher (P < .05) in the RFC cattle during the first two collection periods. There also was a linear decline (P < .05) of AFC in senun free-HYP as animals aged. Higher concentrations of HYP in the serum of the RFC during restriction or at times of slow growth is contradictory to the data of Kivirikko (1970) , who reported that during rapid rates of growth, serum HYP increased. One possible explanation for these differences is that the animal at maintenance is synthesizing collagen, which is d~estricted cattle were held at .23 kg/d (daily gain) for the frst 80 d of the study then offered ad libitum access to a corn and corn silage diet for the remainder of the study. eValues in a row marked with an asterisk are siflicantly different (P < .05).
fThe summation of muscle protein degradation and muscle protein accretion. 
